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1. INTRODUCTION
One of the key elements on the ongoing debate
about monetary unions is the degree of business
cycle resemblance among the member states. This
paper contributes to this debate by providing a de-
scriptive analysis of the cyclical evolution of the
output of the European Union countries between
1960 and 1999. As the creation of the European
Monetary Union probably represents a regime
shift(1) no attempt is made at forecasting cyclical
fluctuations. Nonetheless, historical elements can
be very useful as a benchmark in the analysis and
interpretation of current results.
We resort to the association and synchroniza-
tion concepts to define cyclical convergence. Using
a time domain approach, we purport the use of
several parametric and non-parametric statistics to
investigate whether the cycles of these countries
have converged to the euro area business cycle
during the sample period.
The results of this paper are much in line with
those from previous studies. Some recent research
provides support for the view that there was an in-
crease in the similarity between the business cycles
of the European Union countries. Arthis and
Zhang (1995) studied the cyclical movements in
the industrial production and focused on the role
of the Exchange Rate Mechanism in inducing com-
mon business cycles among the participating
countries. They have found that over time, the
business cycle affiliation of most of these countries
had shifted from the United States to Germany.
Angeloni and Dedola (1999) studied a larger set of
variables to conclude for an increase in the cyclical
correlation of output, prices and stock indexes be-
tween euro countries. In our study, the results ob-
tained suggest that Italy, Spain, Austria, The Neth-
erlands, Portugal and Greece have cyclically con-
verged to the euro area business cycle.
This paper is organised as follows. Section 2
briefly describes the data used and the detrending
method employed. Section 3 analyses the degree
of association between country and euro area cy-
cles. Section 4 analyses the degree of synchronisa-
tion. Section 5 evaluates the existence of cyclical
convergence. Finally, section 6 concludes.
2. DATA AND DETRENDING METHOD
The data used in this study is based on Euro-
pean Commission-Ameco database figures on an-
nual product spanning the period from 1960 to
1999 for a sample of 17 countries plus the euro
area as a whole.(2)
In this study, we follow Lucas (1977) definition
of business cycle as deviations of aggregate real
output from trend.(3) The decomposition of the ob-
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(1) The extrapolation of past results to forecast future behaviour
would be subjected to the Lucas critique (Lucas (1976)).
(2) The countries included are: Germany, France, Italy, Spain,
The Netherlands, Belgium, Austria, Finland, Portugal, Ire-
land, Luxembourg, United Kingdom, Denmark, Sweden,
Greece, United States and Japan.
(3) For a discussion of alternative definitions see Kydland and
Prescott (1990).served series into trend movement and cyclical
component was made using the Hodrick-Prescott
filter, the method more widely used in business
cycles studies.(4) The series were all expressed in
logarithms and so the cyclical component was ob-
tained through the difference between the original
series and its trend.
3. DEGREE OF CYCLICAL ASSOCIATION
In this section, we will evaluate the degree of
association between the business cycles of the
countries included in our sample and the euro
area.
Since we are interested not only in the degree of
cyclical association but also in its evolution, the
sample was divided in two sub-periods, from 1960
to 1978 and from 1979 to 1999, which also coin-
cides with the creation of the European Monetary
System in 1979.
The simple correlation coefficient is the statis-
tics normally used when we pretend to measure
the degree of association between business cycles.
However, since it only measures the degree of
linear association, we will also compute the con-
cordance statistics, initially proposed by Harding
and Pagan (1999) and the Spearman’s rank correla-
tion coefficient.(5)
The concordance is a non-parametric statistics
that measures the proportion of time that the cy-
cles of two series spend in the same phase.(6) As a
measure of co-movement between two series, the
concordance statistics main advantage in compari-
son with the correlation coefficient(7) is that it can
be applied to both stationary and non-stationary
series, since it is not affected by single events in
time series which are irrelevant for inferences of
co-movement. Moreover, the concordance statis-
tics can be used to detect both linear and non-
linear type association between two series.
Plotting the cycle in country i against the cycle in
country j(8), the concordance statistics will be given
by the proportion of observations that are in the
same quadrant, independently of the particular
type of relationship between the two series (linear
or non-linear).
An alternative measure of the degree of associ-
ation between series that is also robust to non-
linear relationships is the Spearman’s rank correla-
tion coefficient. As its name suggests, rather than
use the cycle itself, it is based on the ranks of the
observations. Having ordered the values of the cy-
cle in each country, the Spearman’s rank correla-
tion coefficient is just the correlation coefficient
calculated for the ranks of the two series.
Table 1 presents the results for the simple corre-
lation coefficient, the concordance statistics and the
Spearman’s rank correlation. The conclusions are
remarkably consistent across the different meth-
ods, especially between the simple correlation coef-
ficient and Spearman’s statistics. This also suggests
that the cycle among countries exhibits in fact a lin-
ear relationship and so we can focus our analysis
mainly in the correlation coefficient results.
Regarding the results for the euro zone, the
most interesting feature is the high degree of con-
temporaneous correlation in the majority of the
countries with respect to the euro area, particu-
larly in France, Belgium, Germany, Portugal, Aus-
tria and The Netherlands. In contrast, Finland and
Ireland exhibit a weak association with the euro
zone business cycle.
Considering the periods before and after 1979,
we find that in general, there is an increase in the
degree of contemporaneous association between
euro zone countries and the euro area business cy-
cle, particularly in Italy, Spain and the Nether-
lands. Finland and Luxembourg were the only
euro zone countries where there was a significant
decrease in the contemporaneous correlation with
the euro zone cycle (Table 1 and Chart 1).(9) In fact,
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(4) In this study the parameter was set equal to 100, a standard
value for the smoothing parameter for annual data. For a dis-
cussion of the properties of this and other filters, see Hodrick
and Prescott (1997), King and Rebelo (1993), Kydland and
Prescott (1990) and Baxter and King (1999).
(5) For a more detailed description of the statistics used in this
study see the Working Paper no. 7 2001.
(6) As a proportion, the concordance statistics varies between 0
and 1. However, a positive relationship between the phase in
two series implies a degree of concordance higher than 0.5, as
this is the expected value of the concordance when we have
two independent and identically distributed series, symmet-
rically around 0. For a detailed explanation of the concor-
dance statistic see McDermot and Scott (1999).
(7) This discussion borrows heavily from MCDermott and Scott
(1999).
(8) Country i cycle in x axis and country j in y axis.
(9) In Germany and France there also is a slight but not signifi-
cant decrease in the contemporaneous correlation with the
euro area.the correlation coefficient between Finland and the
euro area business cycle is not statistically signifi-
cant in the late period of the sample.(10)
We have also computed the contemporaneous
correlation using the United States as the bench-
mark economy. In sharp contrast with the euro
zone, the results (not shown) now exhibit a weak
association between United States and euro zone
countries business cycles. In fact, considering the
whole sample period, the correlation coefficient is
not statistically significant for the euro countries,
except for The Netherlands.
In the non-euro area countries, the results for
Greece suggest a relatively strong association with
the euro area business cycle, especially in the late
period of the sample (Table 1 and Chart 1). The
Spearman’s and concordance statistics reinforce
this conclusion and it is interesting to note that the
concordance assumes the value unity in the late
sub-period.
Regarding the results for the United Kingdom,
the evidence suggests a weak contemporaneous
correlation with the euro area business cycle, par-
ticularly in the late period of the sample, where
the coefficient is not statistically significant. On the
contrary, the contemporaneous correlation with
the United States has steadily increased, exhibiting
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Table 1
CORRELATION, CONCORDANCE AND SPEARMAN’S
RANK CORRELATION WITH THE EURO AREA
Correlation Concordance Spearman’s
1960-1999 1960-1978 1979-1999 1960-1999 1960-1978 1979-1999 1960-1999 1960-1978 1979-1999
Germany .................... 0.84 0.86 0.83 0.78 0.84 0.71 0.82 0.84 0.79
France....................... 0.92 0.93 0.91 0.88 0.84 0.90 0.91 0.93 0.88
Italy ........................ 0.71 0.56 0.87 0.70 0.58 0.81 0.72 0.52 0.87
Spain ....................... 0.72 0.56 0.83 0.75 0.68 0.81 0.70 0.41
(a) 0.84
The Netherlands.............. 0.76 0.62 0.85 0.90 0.84 0.95 0.78 0.68 0.85
Belgium ..................... 0.89 0.84 0.93 0.85 0.79 0.90 0.89 0.76 0.91
Austria...................... 0.77 0.71 0.85 0.73 0.74 0.71 0.73 0.58 0.80
Finland...................... 0.35 0.60 0.23
(a) 0.58 0.58 0.57 0.27
(a) 0.51 0.12
(a)
Portugal..................... 0.80 0.72 0.86 0.73 0.53 0.90 0.72 0.44
(a) 0.88
Ireland ...................... 0.35 0.19
(a) 0.44 0.70 0.53 0.86 0.34 0.06
(a) 0.49
Luxembourg ................. 0.71 0.82 0.63 0.63 0.58 0.67 0.67 0.71 0.65
United Kingdom ............. 0.40 0.57 0.32





(a) 0.55 0.79 0.33 0.09
(a) 0.70 -0.27
(a)
Sweden ..................... 0.40 0.38
(a) 0.40 0.70 0.63 0.76 0.42 0.37
(a) 0.41
(a)
Greece ...................... 0.61 0.50 0.77 0.83 0.63 1.00 0.65 0.48 0.79
United States................. 0.23 0.10
(a) 0.32




Japan ....................... 0.64 0.63 0.70 0.60 0.58 0.62 0.60 0.65 0.61
Note: (a) The correlation coefficient is not statistically significant with a level of significance of 10%.
(10)It must be noted that in Chart 1, if a country is over the 45º
line, this mean that the correlation coefficient with the euro
area stood at the same level in both periods and if it is on the
right (left) of the 45º line, the correlation coefficient has in-
creased (diminished) between the two sub-periods.
Chart 1
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8in the late period of the sample, a stronger contem-
poraneous association with the United States than
with the euro area business cycle.
Finally, Denmark and Sweden, also exhibit a
weak association with the euro area business cycle.
An alternative approach to the non-parametric
statistics analysed so far, will be to estimate a
model where the relationship between country i
























i is the cycle in country i and X
EU11 is the
cycle in the euro area.
The main advantage of this approach is that it
will give an accurate measure of the degree of lin-
ear association between country i and euro area
business cycle in the presence of leading or lag-
ging relationships between the cycles.
Defining R as the square root of the coefficient
of determination in country i equation, the value
of R is then the correlation coefficient between
X
iand  X
i, where are the fitted values of X
i.I n
other words, R can be seen as the multiple correla-
tion coefficient between country i and euro area
business cycle.
The results are presented in Table 2. It is clear
that for the euro zone countries, there is once
again a high consistency degree between these re-
sults and the previous ones. In fact, the countries
that exhibit a stronger association with the euro
area business cycle during the whole sample pe-
riod are the same, namely France, Belgium, Ger-
many, Austria, The Netherlands and Portugal. Fin-
land and Ireland remain the countries with the
lowest degree of association with the euro zone
business cycle.
Considering the multiple correlation coefficient
in both sub-periods, we find that in general, the re-
sults from the previous section also remain valid,
particularly the general increase in last period as-
sociation with the euro area for the euro zone
countries. This increase was particularly sharp and
significant in Spain and Italy, as well as in Portu-
gal. On the opposite end, in Finland, Luxembourg
and Ireland (although in the latter not observed in
the previous analysis) there was a decrease in the
degree of association with the euro zone business
cycle.
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Table 2
MULTIPLE AND MAXIMUM CORRELATION WITH THE EURO AREA(a)
Multiple correlation Maximum correlation
1962-1997 1962-1978 1979-1997 1960-1999 j(a) 1960-1978 j(a) 1979-1999 j(a)
Germany....................... 0.89 0.89 0.93 0.84 0 0.86 0 0.85 1
(b)
France ......................... 0.93 0.95 0.93 0.92 0 0.93 0 0.91 0
Italy........................... 0.79 0.74 0.92 0.71 0 0.56 0 0.87 0
Spain.......................... 0.76 0.67 0.94 0.72 0 0.56 0 0.89 -1
(b)
The Netherlands ................ 0.83 0.80 0.87 0.76 0 0.62 0 0.85 0
Belgium ....................... 0.92 0.95 0.93 0.89 0 0.84 0 0.93 0
Austria ........................ 0.86 0.86 0.93 0.77 0 0.71 0 0.85 0
Finland ........................ 0.51 0.87 0.79 0.36 -1
(b) 0.60 1
(b) 0.54 -1
Portugal ....................... 0.82 0.75 0.89 0.80 0 0.72 0 0.86 0
Ireland......................... 0.54 0.66 0.62 0.40 -1
(b) 0.49 -1 0.44 0
Luxembourg ................... 0.72 0.93 0.78 0.71 0 0.82 0 0.71 -1
United Kingdom................ 0.75 0.75 0.98 0.63 -1 0.57 0 0.90 -2
Denmark....................... 0.75 0.79 0.87 0.23 -1 0.63 0 0.39 -2
Sweden........................ 0.55 0.66 0.94 0.40 -1
(b) 0.48 1 0.70 -1
Greece......................... 0.76 0.82 0.84 0.61 0 0.68 -1 0.77 0
United States ................... 0.62 0.54 0.80 0.37 -1 0.10 0 0.67 -2
Japan.......................... 0.74 0.80 0.84 0.65 0 0.75 -1 0.70 0
Notes:
(a) Displacement where the correlation is maximum, with j=-2, -1, 0, 1, 2. A positive value (negative) for j means that the country has a lead
(lag) cycle with respect to euro area cycle.
(b) Maximum correlation is similar to contemporaneous correlation ( absolute difference ≤ 0.06).For the non-euro zone countries and in contrast
to what was observed in the previous statistics,
there was a sharp increase in the multiple correla-
tion coefficient between the two sub-periods, par-
ticularly in the United Kingdom and Sweden. In
the United Kingdom, it is also interesting to note
that this country has the highest degree of multi-
ple correlation with the euro zone business cycle.
The contradictory results between the contempo-
raneous correlation and the multiple correlation
suggest that these countries have in fact increased
their association with the euro area business cycle
but the synchronisation, which will be analysed in
the next section, has changed between the two
sub-periods.
At last, in Greece, the multiple correlation coef-
ficient suggests a relatively strong association with
the euro zone business cycle during the whole
sample period.
4. SYNCHRONISATION
In order to determine the existence of cyclical
convergence with respect to the euro zone, it is
necessary not only to analyse the evolution of the
degree of association between each country and
the euro area business cycle, but also the degree of
synchronisation.
The degree of synchronisation will be mea-
sured by the number of leading or lagging periods
at which the maximum correlation is obtained so
that, country i will be synchronised with the euro
zone business cycle if the maximum correlation is
obtained contemporaneously.(11)
According to the results presented in Table 2,
we can say that for the whole sample period, the
euro zone countries are highly synchronised with
the euro area business cycle. This synchronisation
is illustrated in Chart 2, where we confront the
German, France and Belgium cycles with the euro
area business cycle. In the late period, only Fin-
land and Luxembourg seem to exhibit a lead cycle.
Considering the whole sample period, the
non-euro area countries are in general not syn-
chronised with euro area business cycle, with the
exception of Greece and Japan.
Between the two sub-periods and as predicted
in the previous section, we observe that the United
Kingdom, United States and Denmark have be-
come less synchronised with the euro area busi-
ness cycle. As illustrated in Chart 2 for the United
Kingdom, these countries exhibit a lead of about 2
years in the second period of the sample. In con-
trast, Greece business cycle has become more syn-
chronised with the euro zone business cycle.
5. CYCLICAL CONVERGENCE
Evidence of cyclical convergence implies an in-
crease in both the degree of association and syn-
chronisation between country and euro area busi-
ness cycles and so we will look at the contempora-
neous correlation, concordance and maximum cor-
relation coefficients from a dynamic perspective.
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Chart 2
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(11)For a given pair of variables, X and Y,  	 xy tj t  , denotes the
correlation between X and Y at displacement j (-2 ≤ j ≤ 2).
The maximum correlation coefficient is then the maximum
value for  	 xy tj t  , .Moreover, we will estimate and evaluate the cycli-
cal component that is specific to each country, that
is, the part in country i cycle that is not explained
by the euro area business cycle.
The previous analysis suggested that in the late
period of the sample there was a high degree of as-
sociation and synchronisation in the majority of
the euro zone countries. However, in terms of cy-
clical evolution, it is possible to distinguish three
groups of countries.
A first group includes Germany, France and
Belgium, where the results suggest a high degree
of association and synchronisation with the euro
zone business cycle in the whole sample period.
However, it should be noted that, in the case of
Germany, the idiosyncratic shock caused by the
unification and the associated fiscal and monetary
policies have probably led to a slight decrease in
the degree of association and synchronisation with
the euro zone business cycle in recent years. This
fact can be observed in the correlation coefficient
for a rolling sample of 12 years (Chart 3) and in the
evolution of the displacement where the maxi-
mum correlation is obtained (not shown), which
exhibits a slight lag in the post-unification period.
A second group includes Italy, Spain, Austria,
the Netherlands and Portugal, where we observe a
sharp increase in the degree of association with the
euro zone cycle. In Chart 3 it is possible to observe
that this increase in Austria, the Netherlands and
Portugal has occurred in the beginning of the sam-
ple, earlier and sharper than in Italy and Spain.
However, in both cases, the significant increase in
the degree of association and synchronisation with
the euro zone business cycle suggests that these
countries exhibit an evolution that is compatible
with the cyclical convergence hypothesis.
A last group includes Finland, Ireland and Lux-
embourg, where the evidence does not allow us to
conclude for the existence of cyclical convergence.
This conclusion draws from the fact that during
the sample period these countries decreased their
degree of association with the euro zone business
cycle, as illustrated in Chart 3(12), and have not be-





























































































































































































































































































































































































(a) Contemporaneous correlation for a rolling sample of
12 years (eg. 1971 is the correlation for the 1960-71 pe-
riod).
(12)In Ireland, although the contemporaneous correlation and
concordance increase, the maximum and multiple correlation
suggests a decrease in the association with the euro zone
business cycle.come more synchronized with the euro zone busi-
ness cycle.
In the non-euro zone countries, although the
degree of association with the euro zone business
cycle has increased, particularly in the United
Kingdom,(13) the cycles have become less synchro-
nised and so we cannot state that these countries
had cyclically converged to the euro zone business
cycle. The only exception seems to be Greece,
where there was both an increase in association
and synchronisation.
An alternative approach to the cyclical conver-
gence issue would be to analyse the specific cycli-
cal component in each country, and so we have es-
timated the following equations:(14)























euro zone cycle in the t+j period, with j=-2,-1,0.
The estimation residual ican be interpreted as
the part of country i cycle that is not explained by
the euro zone business cycle nor by the past be-
haviour of the country cycle. So, the residual
might be seen as the idiosyncratic component of
country i fluctuations.
In Table 3 we present the results for the weight
of the variability of the specific component in the
total variability of the cycle.(15) As expected, this
weight decreases in the majority of the euro area
countries, suggesting an increase in integration
with the euro area business cycle, even for Finland
and Ireland. Only in Luxembourg does the weight
of the specific component increase.(16)
In order to test if the changes in country i spe-
cific component variability are significant or not,
we have applied the Goldfeld-Quandt test. If
country i exhibits a higher degree of association
with the euro zone business cycle one should ex-
pect a decrease in the specific component variabil-
ity and so the rejection of the homoscedasticity hy-
pothesis. If this rejection was due to a decrease in
the specific component variability, then it would
suggest that country i had converged to the euro
zone business cycle during the sample period,
since the majority of their fluctuations would be
explained by those of the euro area.
According to the results presented in Table 3,
we may conclude for a significant decrease in the
variability of the specific component in Germany,
Italy, Spain, The Netherlands, Austria and Portu-
gal supporting the previous conclusion of cyclical
convergence of these countries with respect to the
euro zone business cycle.
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(13)In Denmark and Japan the results for the maximum and mul-
tiple correlation suggest a different evolution, so we consid-
ered the multiple correlation coefficient to be representative
of an increase in the degree of linear association.
(14)This approach is similar to a previous one by Barbosa et al.
(1998) for the Portuguese business cycle. In Germany, France
and Italy the equation were estimated with and without the
contemporaneous cycle of the euro area in order to minimise
the problem of non-exogeneity of the explanatory variable.
However, as one can see in Table 3, the main conclusions re-
main valid.








 it is the standard devia-
tion of the specific cyclical component and 
 xitthe total stan-
dard deviation of the cycle in country i for the t sub-period.
Table 3
WEIGHT OF THE VARIABILITY OF THE SPECIFIC
COMPONENT IN THE TOTAL VARIABILITY OF
THE CYCLE AND GOLDFELD-QUANDT TEST
GQ Test(a)
1962-1978 1979-1999 F Statistic
Germany ....... 0.38 0.29 2.18*
France.......... 0.28 0.30 1
Italy............ 0.55 0.21 16.05***
Spain........... 0.56 0.32 3.16**
Netherlands..... 0.56 0.33 4.07**
Belgium ........ 0.35 0.37 1.71
Austria ......... 0.54 0.43 3.34**
Finland......... 0.52 0.32 1.46
Portugal ........ 0.56 0.25 5.91***
Ireland ......... 0.70 0.57 1.35
Luxembourg .... 0.43 0.75 1.64
Estimation without the
contemporaneous euro area cycle
Germany ....... 0 . 7 0.51 2.64*
France.......... 0.84 0.68 1.15
Italy............ 0.84 0.55 4.63***
Notes:
(a) Between the sub- periods 1962-1978 and 1983-1999.
* Significant at 10% level.
** Significant at 5% level.
*** Significant at 1% level.
(16)It should be noted that in France (with the contemporaneous
euro zone cycle) and Belgium there is also an increase in the
weight of the specific component, although this increase was
not significant.In the other countries, the results do not sug-
gest a significant change in the variability of the
specific component. In France and Belgium this
was due to the fact that the variability of the spe-
cific component stood low during the whole sam-
ple period. In Finland, Ireland and Luxembourg
the variability stood high, reinforcing the conclu-
sion that these countries had not converged to the
euro zone business cycles during the period in
analysis.
6. CONCLUSIONS
This paper provided a descriptive analysis of
the cyclical evolution of the European Union coun-
tries between 1960 and 1999. In particular, we in-
vestigated whether the cycle of these countries
converged to the euro area business cycle.
We distinguished three groups of countries. A
first group included Germany, France and Bel-
gium, where the results suggested a high degree of
association and synchronisation with the euro
zone business cycle in the whole sample period. A
second group included Italy, Spain, Austria, The
Netherlands and Portugal, where it was observed
a significant increase in both the association and
synchronisation with the euro zone cycle, suggest-
ing that these countries converged to the euro area
business cycle. A last group included Finland, Ire-
land and Luxembourg, where no evidence of cycli-
cal convergence with the euro area was found.
In the non-euro area countries, there was an in-
crease in the degree of cyclical association, particu-
larly for the United Kingdom, but not in synchro-
nisation, so we cannot state that these countries
have cyclically converged to the euro zone busi-
ness cycle. The only exception seems to be Greece,
where there was also an increase in synchronisa-
tion.
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